Abstract -According to the terrain features of the irregular environment, we propose a novel mobile mechanism of the transformable wheel-track robot (TWTR). The TWTR can adapt autonomously to the irregular environment by transforming the track configuration or by changing the locomotion mode between track mode and wheel mode. The TWTR mechanism consists of a control system unit and two symmetric transformable wheeltrack units. As the mobile mechanism of TWTR, the wheel-track unit is composed of a transformable track mechanism and a drive wheel mechanism. The drive system of the wheel-track unit provides two outputs in different form only by one servo motor, or rather enables the wheel-track unit to have the abilities to transform the configuration of the track and to make the robot move by wheel or by track. In this paper, we design the parameters of track mechanism by parametric optimization based on genetic algorithm, and design the parameters of the drive wheel mechanism according to the configuration features of the wheel-track unit. The validity of the parameters is demonstrated by simulation on the robot transforming the track configuration and changing the locomotion mode.
I. INTRODUCTION
To date, there have been numerous studies on the driving mechanisms of the robot for helping human perform the dangerous mission in the complex and unpredictable environment, such as planetary exploration, intelligence and reconnaissance, anti-terrorism, and rescue, et al. So, it is important that the robot has a great deal of flexibility and adaptability to efficiently go through the irregular environment. In such situations, track robots are usually used for their off-load mobility and performances in climbing the slope and overcoming the obstacle and the ditch, et al. However, the track robots usually turn inflexibly, and dissipate much more power.
To deal with these problems, some novel mobile mechanisms of the robot have been developed, such as the transformable track robots and the hybrid robots. The transformable track robots, such as CALEB-2 [1] , VSTR [2] [3], ROBHAZ-DT [4] [5] [6] , Single-Tracked [7] , and VGTV [8] , were design to maximize flexibility and adaptability to irregular environment by transforming the configuration of track, to reduce energy consumption by minimizing the contact length with the ground, and to improve stability by maximizing the contact length with the ground. The hybrid robots, such as AZIMUT [9] , HYBRID Robot [10] , wheeltrack-leg Robot [11] , and miniature wheel-track-leg mobile robot [12] , can determine to move by wheel, leg, or track according to the different environment. However, the autonomous adaptability of these kinds of the robots is restricted because of the reasons as follows:
Firstly, to transform track configurations or to change the locomotion mode, there are many servo motors to be amounted on the robots. It causes the control algorithm to be complicated that there are many motors that need to be controlled.
Secondly, the robots are usually operated by the remote control based on the visual information transmitted from the sensors amounted on the robots. It is difficult for the robots to be controlled without providing sufficient information by sensors when they go into the dark environment.
Based on the above problems, we propose a novel transformable wheel-track robot (TWTR) which can be applied in irregular environment. It can adapt autonomously to the irregular environment by transforming the track configuration and changing the locomotion mode between track mode and wheel mode. The wheel-track unit, as the mobile mechanism of TWTR, adopts the drive system, which can provides two kinds of output only by one servo motor.
TWTR mechanism and its mobility features are described briefly in Section II. Section III presents the mechanism and drive system of the wheel-track unit. Section IV designs the parameters of track mechanism by parametric optimization based on genetic algorithms, and confirms the parameters of the drive wheel mechanism according to the configuration features of the wheel-track unit. Section V demonstrates the validity of the parameters by the simulation on the robot transforming the track configuration and changing the locomotion mode, and section VI offers our conclusion at present. Fig.1 shows that the transformable wheel-track robot (TWTR) mechanism consists of a control system unit and two symmetric transformable wheel-track units. The wheel-track unit, composed of a transformable track mechanism and a drive wheel mechanism, is the mobile mechanism of TWTR. The drive mechanism of the wheel-track unit can provide two outputs in different form only by one servo motor, or rather enables the wheel-track unit to have the abilities to transform the configuration of the track and to make robot move by wheel or by track. So, the control algorithm of the TWTR is simple because there are only two motors that need to be controlled.
II. THE TRANSFORMABLE WHEEL-TRACK ROBOT
1. drive wheel mechanism 2.track mechanism 3. control system unit Fig. 1 Mechanism of transformable wheel-track robot.
The main mobility features of TWTR are as follows: 1) Wheel mode: Fig.2 shows that TWTR moves by wheels and tracks when it moves on the plat ground. The TWTR has the abilities of turning flexibility and less energy consumption because the tracks are tangent to the ground. Fig.3 shows that the TWTR moves by tracks. To overcome obstacles, the robot can adjust wheeltrack units to move by tracks. Meanwhile, it can improve stability of the robot that the tracks contact with the ground. 3) Transforming configuration: Fig.4 shows that TWTR transforms the configuration of tracks. To overcome higher obstacles, TWTR can improve the performance of overcoming obstacles by transforming the configuration of tracks. 
2) Track mode:

III. MECHANISM OF THE WHEEL-TRACK UNIT
As the mobile mechanism of the TWTR, the wheel-track units have the abilities of the overcoming obstacles and the flexibility of turning. Fig.5 shows that the wheel-track unit is composed of a drive wheel mechanism and a transformable track mechanism.
1.track 2.sprocked A1 3.front adjusting link 4.drive wheel A5 5.wheel supporter 6.basic shaft 7.chassis 8.rear adjusting link 9.short adjusting link 10.pulley A3 11.pulleyA4 12.pulley A2 13.spring Fig. 5 Mechanism of the wheel-track unit.
The transformable track mechanism consists of a four-bar linkage, the sprocket A 1 , the pulley A 2 , the pulley A 3 and the pulley A 4 . Four-bar linkage is composed of the front adjusting link, the rear adjusting link, the short adjusting link, and the chassis. The functions of track mechanism are as follows:
1) When the robot meets high obstacles, it can transform the configuration of the track by driving the front adjusting link to overcome the obstacles.
2) The length variation of the track is too small to influence on the adjustment of track configuration and the movement of the robot.
The spring GF, connected between chassis and the front adjusting link, keeps the drive wheel and the track contact with ground when robot is moving by wheel, and makes the robot restore to move by wheel after the robot overcome obstacles and move on the even road.
The wheel supporter of drive wheel, fixed on the front adjusting link, can revolve around the basic shaft and make the wheel-track unit move by wheel or by track. Fig.6 shows the drive system of the wheel-track unit, the servo motor drives the sprocket A 1 and the drive wheel A 5 by the input gear, the gear G 1 , the gear G 2 , the gear G 3 , the chain gear C 1 and C 2 , the chain gear C 3 and C 4 . It provides two outputs in different form only by one servo motor, or rather enables the wheel-track unit to have the abilities to transform the configuration of the track and to make robot move by wheel or by track. In this paper, the drive system will not be mainly introduced because the main work is the parameter design of the mechanism.
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IV. PARAMETER DESIGN OF THE WHEEL-TRACK UNIT MECHANISM
According to the mobility features of the transformable wheel-track robot (TWTR), the design requirements, called as requirement, to the wheel-track unit are as followed.
(a) The length variation of the track is too small to influence on the adjustment of track configuration and the movement of the robot.
(b) When robot moves by wheel, the drive wheel contacts with ground, one side of the track contacts with the ground, and the other is off the ground.
(c) When robot moves by track, the track contacts with ground, and the active wheel is off the ground.
So, it is very important to design the mechanism parameters of the wheel-track unit. 
A. Parameter design of the track mechanism
According to the requirement (a), the mechanism parameters of the track mechanism, influencing the track length, will be analysed. As it is shown in the Fig.7 , set up O-XY coordinate system at the center (point O) of the basic shaft, which X-axis and Y-axis are along the line OD and the line A 2 A 3 , The physical meanings of the mechanism parameters are represented in the table I.
The vectors P B , P C , P D , P A1 , P A2 , P A3 , P A4 , and P A5 individually symbolize the vector of the point B, the point C, the point D, the center (point A 1 ) of sprocket A 1 , the center (point A 2 ) of the pulley A 2 , the center (point A 3 ) of pulley A 3 , the center (point A 4 ) of pulley A 4 , and the center (point A 5 ) of wheel A 5 . Fig.7 shows that the value γ of the angle between the short adjusting link (CD) and the chassis (OD) varies with changes the value α of the angle between the front adjusting link (OB) and the chassis (OD). According to the geometric properties of the mechanism, there is a function (9). 2 2
Combining (6), (7), and (9), the functional relationship (10) between the value γ and the value α can be deduced. 
The value L 10, L 20 , L 30 , and L 40 symbolize individually the length of track tangent to the sprocket A 1 and the pulley A 2 , the length of track tangent to the pulley A 2 and the pulley A 3 , the length of track tangent to the sprocket A 3 and the pulley A 4 and the length of track tangent to the sprocket A 4 and the pulley A 1 . The value L c symbolizes the total length of the track enclosing the sprocket A 1 , pulley A 2 , pulley A 3 , pulley A 4 . The total length value L of the track is symbolized by the expression (11).
According to the geometric relationship of the mechanism parameters in the According to (10) , the total length L of track can be described as following by the parameter α.
According to the configuration features of track mechanism and the four-bar linkage, the parameters a, b, c, d, l 1 , and l 2 must satisfy the conditions as follows: According to the requirement (a), the mechanism parameters a, b, c, d, l 1 , and l 2 , which influence the track length, will be analysed. The vector X is defined as:
The maximum variation of track length in theory is described as:
According to the requirement (a), the vector X, which satisfies that theoretical value L of track length does not vary with changes of the value α, will be found. Considering that it is very difficult to find the analytical solution of the nonlinear equation (20) and that rubber track has the elastic feature, it is reasonable to find the optimal solution X opt because it is allowed that the vector X make the maximal variation of track length not exceed a lower-threshold. The optimal solution X opt can be found by minimizing objective function (20)
If the nonlinear equation is solved by the traditional optimization method, the optimal solution X opt will be unstable since it is influenced by the initial vector X 0 . However, the optimal solution X opt will be stable since it is nothing with the initial vector X 0 if the nonlinear equation is solved by the genetic optimization algorithm. In this paper, we find the optimal solution X opt based on the genetic optimization algorithm.
Here is the initial vector According to the design value above, it is found that the maximum and the minimum of the track length are 1354.33 mm and 1352.36mm, the maximal variation of track length is 1.97mm, the variance ratio of the track length is about 0.1 percent, the result satisfies the requirement (a). Considering the assembly precision and the elastic feature of the rubber track, the design value of track length is 1355mm. 
According to the requirement (b) and (c), here are some initial requirements to design parameters of the wheel supporter as follows:
1) When the α is 60° (Fig.2) , the robot moves by wheel, here:
2) When the α is 75° (Fig.4 a) 1) The value H A5A2 and the value D A5 of the displacement between the tangent point A 20 and ground are -22mm and 42mm when the value α is 60°. The point A 2 is above the point A 5 , and the robot moves by wheel.
2) The value H A5A2 and the value of the displacement between the tangent point A 20 and ground is 18.9mm and 1.1mm when the value α is 75°, The point A 2 is under the point A 5 , and the robot moves by track.
3) The value H A5A2 and the value of the displacement between the tangent point A 20 and ground is 20mm and 0 when the value α is 75.39°and robot moves by track.
V. SIMULATION
The mechanism parameters of the wheel-track unit, as presented in TABLE III, have been determined, and the accuracy of the results can be verified in the environment of multi-rigid-body dynamics simulation. Fig.9 shows that the track length L varies with changes of the value α, and the simulation result data is showed in the table II. From the relation curve of L/α, it can be seen that the minimum L is 1352.36mm when the value α is 68.79° (Fig.11 b) , and that the maximum L is 1354.33mm when the value α is 90° (Fig.11 d) . Fig.10 shows that the value H A5A2 varies with changes of the value α, and the simulation result data is showed in the table II. From the relation curve of H A5A2 /α, it can be seen that the value H A5A2 and the value D A5 are -22mm and 42mm when the value α is 60° and the robot moves by wheel (Fig.11 a) , and that the value H A5A2 and the value D A5 are 20mm and 0 when the value α is 75.39°and robot moves by track (Fig.11  c) .
Sum up all the above, according to design requirement of mechanism parameters of the wheel-track unit, the mechanism parameters, which influence on the track length and the movement of the drive wheel, are found and verified. Finally, a set of parameters, showed as table III, are proven to be reasonable by simulation on the robot transforming the track configuration and changing the locomotion mode. VI. CONCLUSIONS This paper described a novel mobile mechanism of the transformable wheel-track robot (TWTR), which can be applied in irregular environment. The wheel-track unit, as the mobile mechanism of TWTR, adopts the drive system, which can provides two kinds of output only by one servo motor. With this character, the TWTR can adopt different locomotion mode and different configuration of track to adapt autonomously to the irregular environment. Then, we designed the parameters of track mechanism by parametric optimization based on genetic algorithm, and confirmed the parameters of the drive wheel mechanism according to the configuration features of the wheel-track unit.
The validity of the parameters is demonstrated by simulation on the robot the robot transforming the track configuration and changing the locomotion mode.
